In October 2000, Anguina woodi sp. n. was found in galls on dune grass (Ehrharta villosa Schult. f. var. villosa) on Milnerton Beach, Western Cape Province, South Africa (33 50 S, 18 29 E). Morphologicallythe deep purple to brownish galls are round, non-pedunculate, elevations occurring mainly on stems and leaf sheaths. Each gall contains up to ve adult and/or sub-adult nematodes and numerous eggs and juveniles. The galls occur singly or in clusters and part of the stem or leaf may be covered with galls. In such extreme cases the leaf is distorted. Some galls were lled with a yellow bacterial mass.
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Materials and methods
Females, males and juveniles of Anguina woodi sp. n. were dissected from galls found on E. villosa, xed in FPG (Netscher & Seinhorst, 1969) , dehydrated to anhydrous glycerine and mounted in anhydrous glycerine on Cobb aluminium double coverslip slides. Juveniles (J2) of A. australis Steiner, 1940 came from galls on Ehrharta longi ora Sm. collected at Cottesloe, Western Australia in March 1999. They were obtained by incubating galls on water agar. The juveniles were washed from the 12.4 11:0 1:8 8:9 1:7 2:9 0:2 2:8 0:2 (8.7-14.3) (6.9-11.6) (2.5-3.1) (2.2-3.1) c 36.6 32:2 5:8 23:5 3:4 9:5 0:9 10:6 0:7 (22.2-40.0) (20.5-32.4) (7.6-10.9) (9.2-13.0) c 1.7 1:9 0:3 2:1 0:3 9:3 1:3 7:0 0:6 (1.5-2.4) (1.7-2.3) (7.3-12.0) (6.1-8. (1.0-1.5) (0.8-1.5) Stylet knob height 1.5 1:9 0:3 2:1 0:4 0:9 0:2 0:9 0:2 (1.5-2.5) (1.5-2.5) (0.5-1.0) (0. plates, xed in 4% formalin and sent to A. Swart (South Africa). The specimens were dehydrated in a glycerine series and mounted on Cobb slides. Curved structures were measured along the median line. Adult females became attened after mounting and the a-value (total body length/body diameter) for these specimens was calculated using a corrected body diameter (Geraert, 1961) according to the formula d ½(h v). This corrected a-ratio is indicated as a in Table 1 .
For SEM, adults and juveniles of A. woodi sp. n. were xed in TAF, dehydrated in an acetone series, critical point dried and coated with gold-palladium (21 nm). The specimens were viewed with a Philips XL 30 stereoscan microscope. Galled grass tissue was placed directly into acetone and critical point dried. The dried tissue was then dissected to expose the inside of a few galls. These were coated with gold-palladium and viewed with the SEM.
DNA extraction from nematodes using proteinase K and PCR ampli cation were performed as described by Zheng et al. (2000) . For the PCR reactions, primers TW81 and AB28 were used to amplify the 18S gene (partly), ITS1, 5.8S gene, ITS2 and 28S gene (partly) and for direct sequencing PCR product additional primers 5.8SM2 or 5.8SM5 were also used (Zheng et al., 2000) . The DNA fragments were sequenced in both directions using a BigDye Terminator Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems, Warrington, UK) and then run on a 377 DNA sequencer (PE Applied Biosystems). The original sequence of A. woodi sp. n. is deposited in GenBank under accession number AY307122. Only the ITS1 region was used for phylogenetic analysis. The DNA sequence of A. woodi sp. n. was aligned with another 18 sequences (Powers et al., 2001; Subbotin et al., 2004) using ClustalX 1.64 with default options and then optimised manually. Subanguina radicicola (Greef, 1872) Paramonov, 1967 was used as an outgroup for the phylogeny construction of anguinids infecting grasses. Maximum parsimony (MP) and maximum likelihood (ML) analyses were conducted with PAUP*4b (Swofford, 2002) . The MP analysis was performed by a heuristic search procedure with 10 replicates of random taxon addition. Gaps were coded as missing data. For ML analysis, the appropriate substitution model of DNA evolution that best tted the data set was determined using the ModelTest 3.04 (Posada & Crandall, 1998) . Bootstraps with 100 replicates were conducted for MP and ML analyses. Steiner, 1940 (Fig. 1) Females and males of A. australis were originally described by Steiner (1940) . A lectotype female, paralectotype females (n 3) and paralectotype males (n 5) were redescribed by Van Den Berg (1986) . Neither author obtained fresh juveniles (J2) and they have not been described to date.
Anguina australis
During the present study, the J2 of A. woodi sp. n. had to be compared to that of A. australis. The J2 of A. australis were obtained by incubating galls from E. longi ora at 20 C for 6 weeks on water agar, as mature galls of A. australis contain only adults (Riley et al., 2001) . These juveniles were measured. The description of A. australis is herein supplemented with a description of the infective J2 of this species.
MEASUREMENTS
See Table 1 .
DESCRIPTION

Infective juvenile (J2)
Habitus slightly curved to almost straight. Head region very slightly offset. Stylet small with delicate, rounded, knobs. Metenchium same length, on average, as telenchium (m 50.4%). Procorpus slender, median bulb elongate-ovate, valved. Isthmus obscured by internal tissue, nerve ring located ca 2.5 body diam. posterior to median bulb. Excretory pore 4-4.5 body diam. posterior to median bulb. Pharyngeal lobe long, slightly overlapping intestine. Four lateral lines observed, occupying ca 20% of body diam. Tail long, tapering very gradually to an acute tip with or without a short mucro. 14.5 (10.5-17.0) 13.1 (12.5-14.0) -12.9 (12.0-14.5) 10.8 (9.9-11.4) -Lip region height 3.0 (2.5-3.5) 2.9 -3.1 (2.5-4.0) 2.5 (2.2-2.9) -Lip region diam.
9.6 (8. Tables 1 and 2. 
DESCRIPTION
Female
Body swollen, curved ventrad into a circle, sometimes spirally curled. Lip region attened anteriorly, 8 ¹m wide, 2.7 ¹m high, distinctly set off. With SEM, labial area showing pore-like stoma opening, surrounded by six outer labial sense organs. Outline of labial area and head region slightly hexagonal. Amphidial opening not discernible. Head region consisting of four partly amalgamated lips with four delicate annules. With LM, anterior part of neck region of both female and male tapering to head and apparently with prominent annules. Under SEM, such 'annulations' corresponding to deep folds of cuticle rather than body annules and limited to front part of body, starting at base of stylet and proceeding towards base of head region. Stylet short, with well de ned rounded knobs. Metenchium in most specimens somewhat shorter than telenchium (m 47%). Procorpus more or less cylindrical. Metacorpus oval shaped with small, distinct valves. Isthmus narrow with nerve ring * The species is named after Dr Alan Wood who collected the galled grass stems from Milnerton Beach and Walker Bay Nature Reserve.
surrounding posterior part where it joins basal bulb. Basal bulb large, trapezoid, appearing deformed due to pressure from huge mass of intestine and ovaries. Pharyngeal gland nuclei distinct. Excretory pore located more or less opposite posterior end of basal bulb. Body annules very faint, about 3 ¹m wide with SEM. Lateral eld consisting of two marginal lines, ca 29 ¹m apart at mid-body and ca 2 ¹m apart in neck region and towards tail tip. Lateral lines ending about 14 ¹m from tail tip. No lateral lines observed between two marginal lines in mid-body, but an area with a 'cracked' appearance was observed. Vulva in form of a prominent, transverse slit, lips not noticeably protruding beyond body contour. Detail of reproductive system not clearly seen due to enlargement of ovaries and dense granules in body cavity (even live specimens were mostly opaque). Post-uterine branch sac-like, reaching 36.6-76.2% of distance between vulva and anus. Tail tapering gradually to a minutely rounded tip. Eggs (n 9) measuring 104 (87-107) ¹m 41(40-56) ¹m. Shell thin and translucent. Body of J2 folded ca three times within egg.
Male
Morphology of male as in female except for following characters. Habitus slightly curved to almost straight, curvature ventrad in 30% of specimens, dorsad in 70%. Body considerably more slender than that of female. Spiculum ventrally curved, gubernaculum well-de ned, appearing slightly ventrally curved in lateral pro le. Bursa sub-terminal, not reaching tail tip. Tail tapering as in female with tail tip varying from sub-acute to more bluntly rounded. Lip region attened anteriorly, : A, C 1.4 mm; B 1.9 mm.) 8.3-9.5 ¹m in diam. and 2.5-4 ¹m high, distinctly set off. SEM of head region showing four lips to be more amalgamated than those of female.
Fig. 6. LM of Anguina woodi sp. n. A: Galls on green grass stem, together with a gall on a leaf sheath; B: Galls on a slightly older stem; C: Galls on an old stem. Note the differences in elevation of the young galls (A), the slightly older galls (B) and the oldest galls (C). (Scale bar
Second-stage juvenile
Body posture slightly curved ventrad, especially in tail region, to almost straight. SEM showing a hexagonalhead region with two large medial lips, each lip subdivided into sub-medial lobes by a small indentation. Amphidial apertures apparentlysituated laterally between rst and second head annules. Labial area squarish in outline with stoma opening pore-like and surrounded by six labial papillae. Head region not offset, comprising labial disc and ca four head annules. Stylet small with delicate, rounded, knobs. Metenchium usually shorter than telenchium (m 47.5%). Procorpus slender, cylindrical. Median bulb elongate-ovate with small valves. Isthmus narrow, nerve ring located ca one body diam. posterior to median bulb. Excretory pore obscure, 1.5-2 body diam. posterior to median bulb. Pharyngeal lobe long, overlapping intestine slightly. Lateral eld consisting of two, relatively prominent outer lines about 3 ¹m apart at mid-body. In some specimens up to four very faint longitudinal lines visible between outermost lines. Tail long, tapering very gradually to an acute tip with prominent mucro (spike). Genital primordium 18-38 ¹m long and 4-10 ¹m in diam.
Third and fourth-stage juveniles
Only seven J3 and J4 were found in clusters of galls from older grass stems. They are shorter, less obese and more mobile than adults. Genital primordia generally obscure due to granules in body cavity. Developing vulva seen in one J4 and curvature of tail of developing males much more pronounced than that of developing females. All J3 and J4 specimens studied were fresh. Developing genital primordium in one J4 female was 348 ¹m long and 23 ¹m in diam. and in one J4 male, 310 ¹m long and 28 ¹m in diam. Tail tapering gradually to a sub-acute point. No mucro observed on tail tip.
TYPE LOCALITY AND HABITAT
Collected on the stems, leaf sheaths and some leaf blades of dune grass (Ehrharta villosa Schult F. var. 
DIAGNOSIS AND RELATIONSHIPS
Anguina woodi sp. n. is characterised by strongly obese females, always curved ventrad in a tight circle or spirally curled. Males are on average shorter than females, curved ventrad or dorsad. The head region of the adults is set off from the rest of the body. Males and females have deep cuticular folds in the anterior part of the neck region. These folds coincide with a sudden tapering of the neck towards the head. This tapering and folding of the cuticle starts at the level of the stylet knobs and continuesanteriad until the head. The tail of the adult stages tapers gradually to a sub-acute or more rounded terminus. Anguina woodi sp. n. incites galls on stems, leaf sheaths and, occasionally, leaf blades of Ehrharta villosa var. villosa. Mature galls vary in colour from purplish to brown and take the form of elongated to round elevations on the substrate, their base attened, never pedunculate.Older galls on dry stems tend to be more raised above the substrate than the younger, purplish galls.
Anguina woodi sp. n. is morphologically, morphometrically and molecularly very near to A. australis. Morphometrically and morphometrically it can be separated from this species by a number of slight differences. Females have a lower b-value (8.7-14.3 vs 17-20); slightly higher c -value (1.5-2.4 vs 1.3-1.8); slightly longer stylet (9.5-13.5 vs 9.9-11.1 ¹m); larger head region (9:6 3 vs 7:4 2:9 ¹m); longer tail (mean 67.8 vs 56.0 ¹m); wider distance between lateral lines (38.5-70.5 vs 22 ¹m) and longer post-uterine sac (mean 85 vs 75 ¹m). The neck area of A. woodi sp. n. in females and males is characterised by a sudden tapering towards the head and by the presence of deep cuticular folds. This was also mentioned by Steiner (1940) in his description of A. australis, although he describes the annulations of this area as more distinct. This area was not mentioned by Van Den Berg (1986) in her redescription of A. australis from the lectotype and paralectotypes. This small difference in her description might be attributed to the remounting and attening of her specimens and we therefore assume that A. australis shares this characteristic with A. woodi sp. n. Males have a slightly longer body (1.37-2.1 vs 1.1-1.55 mm) curved ventrad or dorsad (vs only ventrad in A. australis); slightly longer stylet (10.5-12 vs 10-11 ¹m); larger head (8:9 3:1 vs 6:2 2:5 ¹m), greater distance from anterior end to excretory pore (139-182 vs 115-145 ¹m) and bursa length as percentage of tail length lower (39.9-73% vs 75.8%, as calculated from the drawing of Van Den Berg, 1986) . The J2 body length of A. woodi n. sp. is slightly longer (711-824 vs 533-726 ¹m); c-value slightly lower (7.6-10.9 vs 9.2-13); c -value slightly higher (7.3-12.0 vs 6.1-8.1); distance from anterior end to genital primordium longer (401-520 vs 268-427 ¹m); tail longer (72-96 vs 49-68 ¹m) and mucro on tail longer (3.3 vs 1.5 ¹m). This mucro was absent in 36% of the A. australis specimens studied. Anguina woodi sp. n. and A. australis also attack different host plants, namely Ehrharta villosa and E. longi ora, respectively.
Anguina woodi sp. n. is also quite similar to A. microlaenae (Fawcett, 1938 ) Steiner, 1940 (Hardy, 1850 ) Filipjev, 1936 agrostis (Steinbuch, 1799 ), Filipjev, 1936 and A. tritici (Steinbuch, 1799 ) Chitwood, 1935 .
Anguina woodi sp. n. differs from A. microlaenae mainly in the female tail (sub-acute tip vs an offset, peglike process); habitus of male body (curvature ventrad or dorsad vs curvature dorsad); types of galls incited (elevations with attened base vs pedunculate); different host (Ehrharta villosa vs Microlaenae stripoides R. Br.). Other small differences include a longer stylet in both females (9.5-13.5 vs 9 ¹m) and males (10.5-12.0 vs 8-9 ¹m), and the presence of a mucro on the J2 tail tip (no mucro mentioned in the description of the J2 tail of A. microlaenae).
Both A. woodi sp. n. and A. agrostis occur on grass in South Africa. Anguina woodi sp. n. differs from A. agrostis mainly in the morphology of the J2, i.e., bvalue (2.5-3.1 vs 3.2-6.1); c-value (7.6-10.9 vs 11.7-20.0); stylet length (8-9 vs 10 ¹m); mucro on tail tip (absent in A. agrostis). Anguina woodi sp. n. also differs from A. agrostis in the type of gall incited (stem and leaf galls vs seed galls) and in the host, A. woodi sp. n. attacking E. villosa whereas Agrostis tenuis attacks various bent grass species and other grass genera, but not Ehrharta spp.
Anguina woodi sp. n. differs from A. graminis by shorter male spicule (33-36 vs 40-42 ¹m); slightly longer J2 body (711-824 vs 670-790 ¹m); position of excretory pore in female (opposite posterior end of basal bulb vs opposite anterior part of basal bulb); position of galls and host species (stems, leaf sheaths and, uncommonly,leaves of E. villosa vs leaves of Festuca spp.).
Anguina woodi sp. n. differs from A. tritici by shorter female body (1.6-2.7 vs 3.0-5.2 mm); morphologyof male spicule (no folding in head of spicule vs head of spicule folded ventrally); slightly shorter J2 body (711-824 vs 800-1000¹m) and position of galls and host species (galls form in in orescence of wheat, emmer and spelt in A. tritici).
Anguina woodi sp. n. also differs from the three aforementioned species in the presence of a mucro on the J2 tail tip vs absent in A. agrostis, A. graminis and A. tritici, and in the presence of differentiated cuticle in the neck area of female and male vs absent in A. agrostis, A. graminis and A. tritici.
MOLECULAR CHARACT ERISATION AND RELATIONSHIPS WITH OTHER SPECIES
The length for the entire ITS region including 5.8S gene for A. woodi sp. n. was 764 bp, the sequence being characterised by a long insertion in the ITS2 region not found in most Anguina spp. However, a similar insertion occurs in the ITS2 sequence of A. australis. In MP and ML trees A. woodi sp. n. clusters with high bootstrap support with A. australis. Sequence differences in ampli ed ITS1-5.8S-ITS2 fragment between A. woodi sp. n. and A. australis were 20 nucleotides (2.6%). The phylogenetic relationships of A. woodi sp. n. with other anguinids parasitising grasses is presented in Figure 7 .
GALLS AND SYMPTOMATOLOGY
The nematode incites galls on stems, leaf sheaths and, less commonly, on leaves of E. villosa var. villosa. Galls are purplish in colour on green plant material, becoming brown on older and dead plants. The purplish galls on green stems and leaf sheaths are ca 0:5 0:4 mm in size whereas the brown galls on dry brown stems are ca 0:8 0:6 mm in size. Young galls appear as elongated purple blotches whereas mature galls form broadly elongated to round elevations with a attened base. In extreme infections, where galls occur in clusters so that the greater part of the stem, sheath or blade is covered, twisting and deformation of the plant tissues occurs. In clusters of galls, changes in the shape of individualgalls was noticed, although each gall remained distinct within a cluster.
With SEM, the plant tissue on top of each gall forms a kind of 'plug'. On opening this plug, a few adult (or subadult) males and females, as well as a mass of eggs and anhydrobiotic J2, could be seen within the gall cavity.
Each gall contained an air bubble which escaped as soon as the gall was opened under water. Some galls contained a yellow bacterial mass, but most seemed free from fungal, bacterial or viral infection. Brown, supposedly older, galls were more raised above the substrate than the purplish galls, which were atter.
On opening the galls, the following observations were made: i) young purplish galls contained one to three females and one to three males, plus eggs and J2. The J2 seemed dead and awkwardly curled, but revived after about 20 min in water. Some sub-adults were also found; ii) brown galls on brown dry stems contained one or two adult females and one or two adult males. No eggs or juveniles were observed.
Discussion
Anguina australis was described from galls occurring on the stems, leaves and in orescences of Ehrharta longi ora in Australia (Steiner, 1940) . This host is a native grass of South Africa and was introduced into Australia in 1878 (Steiner, 1940) . The natural deduction is that A. australis is also of South African origin, given that the host is endemic to South Africa, not Australia. Anguina australis and its host are abundant in Western Australia (Riley et al., 2001) , probably because they were introduced without the suite of organisms that would otherwise regulate their populations.
Anguina woodi sp. n., on the other hand, also infects a native grass of South Africa, viz. E. villosa. As the South African anguinid is morphologically quite similar to A. australis, we initially thought that they might be conspeci c, but after molecular analysis and a morphological study of the females, males and J2 of both species, we decided to propose the South African population as a new species.
In a preliminary host test conducted in a glasshouse in Pretoria, South Africa, A. australis failed to induce galls in E. villosa and A. woodi sp. n. did not infect E. longi ora. Further tests must, however, be done on host speci city as both nematodes require hours or days of the cool, damp, weather typical of Mediterranean autumns and winters, something that is dif cult to simulate in the relatively dry environment of a glasshouse.
